*5-84. The boom AC is supported at A by a ball-and-
socket joint and by two cables BDC and CE. Cable BDC
is continuous and passes over a pulley at D. Calculate the
tension in the cables and the X, ¥, z components of reaction
at A if a crate has a weight of 80 Ib.

(3i —-12} + 6k)

Fop = Foprme A0
E By 1)+ &

3
= { 0.2182F;l - 0.8729F.z] + 0.4364F,ck} Ib \
Ax F
Ay ~le » . z,
B oo g (5312121 + 4 . i WSS
@y e & #y W .
0Lb ’

= { ~0.2308F,pci — 0.9231F,¢ + 030775 pck} Ib
(=31 - 4§ + 4k)
F, = F, —
8D BDC (—————(_3)2 T s &
= Fypc(—0.46851 ~ 0.6247) + 0.6247k)

IM, = 0. Fypc(0.6247)(4) + 0.4364F(12) + 030775, pc(12) — 80(12) = 0

IM, = 0, 0.4685F;5c(4) + 0.2308Fpc(12) — 0.2182F4(12) = 0

Fopc = 62.02 = 62.01b Ans

Fep = 109.99 = 110 1b Ans

IE = 0; A +02182(109.99) — 0.2308(62.02) — 0.4685(62.02) = 0
A = 1941 Ans
IF = 0; A, - 0.8729(109.99) - 0.9231(62.02) - 0.6247(62.02) = 0

A, =1921b Ans
IE = 0, A +04364(109.99) + 0.3077(62.02) + 0.6247(62.02) — 80 = 0

A = -2581 Ans
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5-85. Rod AB is supported by a ball-and-socket joint at
A and a cable at B. Determine the x, y, z components of

reaction at these supports if the rod is subjected to a
50-1b vertical force as shown,

IF, 20, -TH +A =0

IF =0 A +8 =0

IF, =0 -50+A =0
My, =0 S0Q2)-B,(4=0
M, =0 0Q-H =0
My =0, B()-H (D=0
Solving,

Lh=25b Ans

—
[
By .
A = 25D Ans l
A =-251  Ane ot /“
Ay
4,.5011; Ans /r\\r

B, =25 Ans r A
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5-86. A vertical fo

rce of 50 b act
Determine the hori s on the crankshaft.

zontal equilibrium force p that must

Equations of Equilibrium :

B =0 B(28)-50(14=0 B =2501 Ans
M, =0 P(8)-50(10) =0 P=6251b Ans
|
IM =0; B, (28)-62.5(10) =0 |
B, =22321=2231 Ans
IF =0 62.5+2232-4,=0 A, =8481b Ans
IF =0, B, =0 Ans
IF =0; A, +250-50=0 A, =250 Ans

5-87. The platform has a mass of 2 Mg and center of mass
located at G. If it is lifted using the three cables, determine
the force in each of these cables. Solve for each force by
using a single moment equation of equilibrium.

3 3
zﬁc = 2";«: =0 Ec = Ke
4 4

M, = 0; IOBDD) ~ SFe(6) - SHc(6) = 0

F¢ = Be = 6131 = 613 kN Ans

Y

M, = 0; ;;(6.131)(6) ~3(981)(3) + Fpg(3) = 0

Fpp = 19.62 = 19.6 kN Ans

4
3(6.131) + 3(6.131) + 19.62 — 3(981) = 0
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*5-88. The platform has a mass of 2 Mg and center of
mass located at G. If it is lifted using the three cables,
determine the force in each of the cabics. Solve for each
force by using a single moment equation of equilibrium.

IM,. = 0; Fpe(6) — 2(9.81)(4) = 0 a
Fpp = 131 kN Ans
IM, = 0; Uy (rap X Fae) + U, (NoX W) = 0

—0.8944 0.4472 0
[} 6 0

-0.8944 0.4472 0
+| -4 3 0 =0
0 -0.6F,c 0.8F, 0 0 -196
~0.8944(6)(0.8F;c) ~ 0.8944(3)(~19.62) — 0.4472(—4)(19.62) = 0
Fc = 409 kN Ans
M, = 0; Wos (Tpa X Byc) + wy, - (rpgx W) = 0
—0.8944 -0.4472 0 -0.8944 -~0.4472 0
0 -6 0 + -4 -3 0 =0
0 06F. 08F, 0 0 -1962

~0.8944(—6)(0.85, ) — 0.8944(-3)(~19.62) + (0.4472)(~4)(-19.62) = ¢

Fe = 409kN Ans
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5-89. The cables exert the forces shown on the pole.
Assuming the pole is supported by a ball-and-socket joint
at its base, detemine the componenis of reaction at A,
The forces of 140 1b and 75 Ib lie in a horizontal plane.

140 1b
X
T e Tood - Tk
8D < fl?) BD. Jl_o 8D
-10 5 15 Ar
= =Tl + —T¢j ~ —=T,ck /‘
Tre V350 T 3500 T Jaso ¢ fe

5 1
=0 30° + 75)(15) ~ Te(15) = —=Tpp(15) = 0
IM, = 0; (140cos )(15) 350 ¢ Mo
140sin30°(15) 10 Tc(15) = 0
M, =0, sin 30 %€
10

IF, =0, A, + 140sin30° - Lie =0

735

1 5
IF, =0; A, -140c0830° - 75 + ——Tjp + —=To = 0

Vo™ {350

E =0 A,—f-ﬁnp—%nﬁo
Tye = 130.96 = 131 Ib Ans

Typ = 51010 Ans

A =0 Ans

A, =0 Ans

A, = 5891b Ans

Also, note that BA is a two - force member, sothat A, = A, = 0.
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5-90. The pole is subjected to the two forces sh.owr'L
Determine the components of reaction at A assuming it
to be a ball-and-socket joint. Also, compute the tension
in each of the guy wires, BC and ED.

Force Vector and Position Vectors :

Moment equilibrium requires
F, = Ai+Aj+AK

IM, =0 1 xFpe+r, X(F +F,)+r; xFgp, =0
F, = 860{cos 45° ~sin 45°k} N = {608.11i -608.11k} N

&« ( 12 9 . 8 k)
X[ ~=Fyci—=Fcj-—F
F; =450{-cos 20°cos 30% + cos 20%sin 30°k - sin 20k} N 17°8¢ 17acd T gtEC
= {=366. 21i+211.43j~153. 9k} N +8kx(241‘90i+211.43j—762.02k)

2
+6kx(—§Fmi—%ij—§ka)=0
E oF [(—6—0)i+(-3—0)j+(0—6)k
Ep = Tgp
V(=6-0+(=3-0)2 +(0-6)? Equating i,j and k components, we have

= 2F' lF' sz
= 3m' 5:0)""3'50

M, =0; ?—:5C+2FED-1691.4S=0 (4]
F.c=F.c[ (6-0)i+(—4.5—0)j+(0-4)k] M, =0; gﬁc_4pw+193522=0 (sl
V(6-0)*+(<4.5-0)2+ (0-2)?
::F.cl 197 —FRcj- ls'l,ick Solving Egs. (4] and [5] yields
R M ne(im = (o Bc=2509N=205N Fp=6285TN=629N Ans
Equations of Equilibrium : Force equilibrium requires Substituting the resuks into Bas.(1l. [2)and [3] yields
IF = 0; F4+F1+H+FED+F,C=0 A, =324N A, =107N A, =127758N=128kN Ans

2. 12

A, +608.11~366.21 - 2F,_ 4 12
( 3 m*‘”F )i
(A,+21143--F -_p ),

2 8
(A, - 60811~ 15391 - 2k, ——71-;C)k 0

Equating i, j and k components, we have

IE =0; A,+608.ll—366.21—§Fu, 1‘: e =0 (1

1
=0 A +214-1F, ‘3";c=0
g

(2

=0 A,- 60811-15391-5Fm-%ac_o {3
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*591. The shaft assembly is supported by two smooth
journal bearings A and B and a short link DC.If a couple
moment is applied to the shaft as shown, determine the
components of force reaction at the bearings and the force
in the link. The link lies in a plane parallel to the y-z plane
and the bearings are properly aligned on the shaft.

z
<

.

250 mm

y O
N 300 mm
A 250N-m ¥
x 400 mm
\// ¥

IM, = 0; 250 + Fyp cos20°(0.25 cos30°) + Ky, 5in20°(0.25 sin30%) = 0

Fop = 101543 N = 1.02 kN Ans
EMy), =0; —-A(0.7) — 1015.43 sin20°(0.42) = 0

A, =-20838 = -208N Ans

X

-208.38 + 1015.43 5in20° + B, = 0
B, = -139N Ans
I(M,), = 0; A (0.7) - 1015.43 c0s20°(0.42) = 0

A, = 57251 = 513N Ans
IF =0 572.51 — 1015.43 <c820° + B, = 0

B, = 382N Ans
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5-92. Determine the horizontat and vertical components
of reaction at the pin A and the reaction at the roller B
required to support the truss. Set F = 600 N.

Equations of Equilibrium : The normal reaction N, can be obtained

directly by summing moments about point A,

(4» M, =0 600(6)+600(4)+600(2)-N,cos 45°(2) =0
Ny =5091.17 N = 5.00 kN

Ans
+
= IF =0; A —5091.17cos 45°=0
A, =3600N = 3.60kN Ans
+ TZF; =0;  5091.17sin 45"-3(600)—A, =0
A, = 1800 N = 1.80 kN Ans

5-93. If the roller at B can sustain a maximum load of 3
kN, determine the largest magnitude of each of the three
forces F that can be supported by the truss.

Equations of Equilibrium : The unknowns A, and A, can be climinated
by summing moments abaut point A. '

f‘ IM, =0;  F(6)+ F(4)+ F(2) - 3cos 45°(2) =0
F=0.3536 kN = 354N Ans

Zm
€oo N

X,

= x

‘Zm

oo

| zm lz»n N
600N goon &
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qumm’ou of Equilibrium : The normal reaction N, can be obained
directly by Summing moments about point B.

(+ My =0;  10(0.6+1.2c05 60°) +6(0.4)
=Ny (1.2+ 12005 60°) = g

N, =8.00kN

l +
Y

]
(=]

8, ~6cos30°=¢ B, =520kN Ans

+
Y

\q
]

2

B, +8.00~ 6sin 30° ~ 10=¢0
B, =500kN

10 kN

*5-95. The symmetrical shelf is subjected to a uniform
load of 4 kPa. Support is provided by a bolt (or pin)
located at each end 4 and A’ and by the symmetrical
brace arms, which bear against the smooth wall on both
sides at B and B'. Determine the force resisted by each
bolt at the wall and the normal force at B for equilibrium,

Equations of Equilibrium : Each shelf s post at its end supports half
of the applied load, ie, 4000(0.2) (0.75) = 600 N.The normal reaction Ny
can be obtained directly by summing moments about pointA.

(;mﬁo; Ny (0.15)-600(0.1)=0 N, =400N  Ans

D IE =0, 400-A,=0 A =400N
+TIF =0; A -600=0 A, =600 N
The force resisted by the boltat A is

F, =JA}+A}=¢4001+6001=721N

o /m O Im
i J “:
Ax
0-15m A\‘,
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596. Determine the x and Z components of reaction at
the journal bearing A and the tension in cords BC and
BD necessary for equilibrium of the rod.

F, = { -800k} N

F, = { 350§} N
(=3j + 4k)
FIC = Fnc_'s_

= {-0.6F¢j + 0.8F,ck} N

(3j + 4k)
Fop = I’;DT
= {0.6Fpj + 0.8F,k} N
=0, A =0 Ans

=0; 350-0.6Fc + 0.6, = 0

u
2

A, - 800 +0.8K + 0.85, = 0
M,, + 0.85,,(6) + 0.85c(6) — 800(6) = 0

=0; 800(2) - 0.8K(2) - 0.8F(2) = 0

EREER XK

=0 M, - 0.6Fc(2) + 0.6Fp(2) =0
Fp = 208 N Ans

Fe = 792N Ans
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5-97. Determine the reactions

at the supports A and B
for equilibrium of the beam.

Equations of Equilibrium: The normal reaction Ng can be obtained
directly by summing moments about point A.

+IMa =0, Np(7) - 1400(3.5) — 300(6) = 0 200(7) = 1400 N -L.(200)(3) = 300N

N =957.14 N = 957 N Ans L - S :_E
- ]

Ag— 1400 — 300 + 957 = 0 Ag =743 N i |
35m | 25m m'l
SLF =0, A,=0 Ans A, N,

5-98. Determine the x, y, z components of reaction at
the ball supports B and C and the ball-and-socket A (not
shown) for the uniformly loaded plate.

W = (4 ft)(2 f)(2 Ib/ft) = 16 Ib

LF,=0; A, =0 Ans

LF, =0, A,=0 Ans

LF,=0;, A, +B,+C,-16=0 )
IM,=0; 2B,—16(1)+ C,(1)=0 )

IM,=0; — B, +16Q2)—C,(8=0 (3)

Solving Egs. (1)-(3):

A, =B, =C,=5331b Ans
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*5.99, Determine the x, y, z components of reaction gt
the fixed wali A. The 150-N force is parallf:l to the z axis .
and the 200-N force is parallel to the y axis. 5

quations of Equilibrium :

IE =0; A, =0 Ans
IF =0; A +200=0 A =-200N Ans
IE=0; A,-150=0 A, =150N Ans

IM, =0; (M), +200(2)-150(2) =0
(M,), ==100N-m Ans

XM, =0; (MA), =0 Ans

IM, =0; (M) +200(2.5)=0
(M,), =-S00N-m Ans

200 A

m negative signs indicate that the direction of the reaction components
are in the opposite sense of those shown on FBD,

5-100. The horizontal beam is supported by springs at
its ends. If the stiffness of the springat Aisk, = 5kN/m,
determine the required stiffness of the spring at B so that
if the beam is loaded with the 800-N force, it remains in
the horizontal position both before and after loading.

Equilibrium :

QMIO: F.(s)—soou)-o— Fy = 266.67 N
(+IM.=0; 800(2)-Fi(3) =0 F,=53333N

Spring force formula : x= {

Lord
XL =Xp
Y &L -
53333 _ 266.67 fa R
5 &
k& =2500 N/m = 2.50 kN/m Ans
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6-1. Determine the force in each member of the truss
and state if the members are in tension or
compression. Set P, = 800 Ib and Py = 400 Ib,

Method of Joints : In this case,

the support reactions are not required for
determining the member forces.

Joint 8

SIE =0, f;ccosas"-)r“(;)-aoo:o (1
4
*TIE =0 Kosinasosg, (3)-800=0 (2

Solving Egs.[1] and [2] yields

Fou=285711b (D =286 1b (1)
5

Ans
c=808.121b (T) =808 i n Ans
Joint C
= ZIE =(; Fea - 808.12c05 45° = ¢
Fey =STLIb (C) Ans
+T2F =0 G ~808.129y5° = 0
G =571 B
Note : The Support reactions A, and A, can be determined by analyzing

Joint A using the results obained above
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62, 1

Jetermine the force on each member of the
truss

and state if the members are in tension or
compression. Set P, = 300 Ib and P, =100 Ib.

6 ft

Method of Joints : In this case, the support reactions are not required for
determining the member forces.

/:8_». -
e
Joint B ‘ 5
3 V45
SIFE =0, Fecosdst—F (3)-100=o (n < K
TEEE e 845 /0016
4
+TIE =0,  FResiniso+F, (ﬁ-soo:o {2
v
So¢ Ib
Solving Egs.[1] and [2] yields
Fpa =285.711b (T) =286 1b (T) Ans 'S
Fyc =383.861b (T) =384 16 (T) Ans
Joint C
Fu
SIE =0, F, -383.86c0s 45° = 0 =, X
Fep =27110 (C) Ans
+TIE =0,  C -383.865ms5° = 0 - <
G =271.431b s2-8300 174

Note : The support reactions A, and A} can be determined by analyzing
Joint A using the results obuined above.
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6-3. The truss, used to support & balcony, is subjected
to the loading shown. Approximate each joint as a pin
and determine the force in each member. State whether
the members are in tension or compression. Set P, =
600 b, P, = 400 1b.

+ 1 IZF =0, Fapsind5® -600=0
Fyp = 848.528 = 849 I(C)  Ans
SEF =0, Fap~ 848.528c0s45° = 0)

Fap = 600 I(T) Ans

Joint B:
+1IF =0, Fpp—400=0
Fpp =400 Ib(C) Ans
SEF =0, Fae—600=0
Fye =600 I(T)  Ans
Joint D:
+ 1 TF, =0, Fpcsind5® —400 — 848.528sin45° = 0
Fpe = 1414214 b = 1.41 kip(T) Ans

—:ZF, =0; B4B.528c0s457 + [414.214¢c0545° — Fpp =0

Fpe = 1600 1b = 1.60 kip(C) Ans

¥

400 1b Fo

848.528 b DC
45°ﬁ 45°_x

|¥
600 1b

e

g

B -
600 1b T
Fap
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*6-4. The truss, used to support a balcony, is subjected
to the loading shown. Approximate each joint as a pin
and determine the force in each member. State whether

the members are in tensjon or compression. Set
Pl = 800”3,P2 =0,

Joint A :
+TIE =0; F,psin45° - 800= 0 }
Fp =113141b = 1.13 kip (C) Ans ool Fae
A 4¢° X
+ o __
—IF = 0 Fg — 1131.4cos45° = Q Frn;
Fp = 800 b (T) Ans
Joint B :
+TZF;, =0(; I';;D—-O=O ‘&
FbD = O Ans @
~l— - X
* [ ¥
>Zi, = 0; Fye — 800 = 0 §oo 15 g
FBD
Fc = 800 1b (T) Ans
Joint D :
+T2F =0, Fpcsind5® — 0 — 1131.45in45° = 0
Fpe = 11314 1b = 1.13kip(T)  Ans
55E = o 1131.4c0s45° + 1131.4c0845° - F,, = 0

Fpe = 1600 1b = 1.60 kip (C) Ans
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Method of Joints : In this case, the support reactions are not required for

determining the member forces.

Joint 4

1
+Trr =0 £ (-J-uo
y ' 45[
5
Fe=8944kN (C) =8.94kN (C)  Ans

SrE =0 g, —8.944[%):0
5
Fip =8.00KN (T)

Joint B

DIE =0, Fe-8.00=0 FBc=800kN(T)  Ans

*TIE=0; Fp-8=0  F£,=800lN(C)  Ans

Joint E
+ IF. =0; Fgccos 36.87° - 8.00cos 26.57° = 0
l";c=8.944kN(T)=8.94kN(T) Ans
+XF, =0; 8.944+8.00sin 26.57° + 8.944sin 36.87° -Fep=0
Fep = 17.89 kN (C) = 17.9kN (C) Ans
Joint D

+TIF =0 P;,c—l7.89(‘/i_)=0 Foc =8.00kN (T) Ans
s

53F <0, -Q+17,gg(:/2__]=o D, = 16.0kN
5

Note : The support reactions C; and G, can be determined by analysing
Joint C using the results obuined above,

fe=Bo0kd | o A

i

fa

Ge=8ookd 1

-

Toe
Fep =17.89 kN f

5
> De
< ""'—“X
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6-6. Assume that each member of the truss is made of
steel having a mass per length of 4 kg/m. Set P = 0,
determine the force in each member, and indicate if the
members are in tension or compression. Neglect the
weight of the gusset plates and assume each joint is a pin.
Solve the problem by assuming the weight of each
member can be represented as a vertical force, half of
which is applied at the end of each member.

Joint Forces -

- V20
£ =4(9.81)[2+T‘/_)= 166.22 N

F =4(9.81)(2+2+ 1)=1962N

F= 4(9.81)[14-3(‘/2—2—0}]: 302.47N
17 =4(9.81)(2+‘/2;26J= 166.22 N

Method of Joints : 1n this cas

e, the support reactions are not required for
dcrcmn'm'ng the member forces.

Joint 4

s
Re=3TLONC=312N (C)  ans

1
+TE =0 f, 7_}—166.22:0

5
Fs=33245N (M=332N (T Ans

SIF =0, F, —371.69(%)=0

Joine B

5z

w¥l

=0.  F.-33245=0 Be=32N(T)  Ans

+TIE =00 F,-1962-¢

fae=196.2N (0) = 196 N () Ans

Joint £

ﬂ- I8 . =0; Fzecos 36,870 - (196.2+302.47) cos 26.57° =0

Bec=SSISIN(D=SSEN (D) apg

\125. =0 37169+ (196.2+302.47) sin 26, 57°
*+357.535in36.87°- £, = 0
2 =92922N (O) =929 N (C)  Ans
Joint D
+7T EE=0; F~ 929.22[i)— 166.22 =0
J5

Fpo = 582N (T) Ans

L3k =0, 1),—929‘22(\/1,}0 D, =831.12N
5

Note : The support reactions C, and C, can be determined by analyzing
Joint C using the results obtained above,
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fe=BlEN ¢ A
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my
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Fa
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fer=929.22N
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k‘ /73; v

D
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6-7. Determine the force in each member of the truss
and state if the members are in tension or compression.

10kN
(+ZM, =0;  —3(L.5) = 4(2) —10(4) ¥5(# =0 s
AR R 1
SN T
E, = 13.125 kN £3m
Ax 5 ] 4
-0 _ - . =0 |
+TZE =0; A, - 8—4-10+13125 N\ g
2 —J‘*mn—ﬂ
A, =8875 kN =3
—+—>}:I«; = 0; A, = 3kN
Joint B :
P
—IF, =0; Fpe = 3N (O Ans MJ““;:
3N F
+TZF = 0 F, = 8 kN (C) Ans ——>T<——— B
Faa
Joint A :
3
+TZIE =0; 8875 -8 - —Fc=0
3 BkN e
§
F,o = 1458 = 146 kKN (C)  Ans 3k \l/zé‘/
T@ Fi
* 4 RETSKN
-ZIF, = 0; Fr=3-(1458)= 0 Bk
F,p = 417kN (T Ans
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Joint C:
55E =0 342
Fop = 4167 = 4.17 kN (C) Ans
_ 3
+T2E = ¢ FcF—4+§(l.458) =0
For = 3125 = 3.12 kN (O) Ans
Joint £ ;
53E =0, Fgp = 0 Ans
+TI;}; = 0; Fep = 13.125 = 13.1 kN © Ans
Joint D :
3
+TZ]1; =O; 13125—10‘ ‘S‘FDF=O
Fyr = 521 kN (T) Ans
. 4
—>IF, = Q; 4.167 - 5(5.21) =0 Check!

Foe

416N

131 25 lepN

10k

xﬁﬁ 130 23kN
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*6-8.  Determine the force in each member of the truss
and state if the members are in tension or compression.
Set Py =2kNand P, = 1.5 kN,

¢
Method of Joints : In this case, the support reactions are not required for Eﬁ
desermining the member forces,
3o
Joint ¢ < X
)
*TEE =0, Eysin30o-15=0
Fey =3.00kN(T) Ans
. -5 Kkl
—ZIF =0 Fep =3.00c05 30° = 0
fop =2598KN () =2.60kN (C)  Ans ?
Joint D T ’8
SIE=0, Ey-2598=0 F =260kN (C)  Ans
DE DE ,5’ =058 ka/
+TIE =0, E,-2=0 Fop =200kN(T)  Ans PE D —*
Joint B J
LB =0;  Fyecos 30°-2.00c0s 30° = 0 < wl
Fg =200kN (C) Ans

NI =0 (200+200)5in30°43.00- 5, =0
B4 =S.00kN (T) Ans

Note : The support reactions at support A and £ can be determined by
analyzing Joints A and £ respectively using the results obtained above.

g =200 knl
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6-9. Determine the force in cach member of the truss
and state it the members are in tension or compression.
Set Py = P, = 4 kN,

s
Method of Joints : In this case, the support reactions are not required for /LZ P
determuning the member forces.
30 -
Joint C Z x
s
+TEE =0,  F,sin30°-4=0
Frg =800 KN(T) Ans
. 4 kN
2 ZIF =0; F.p-8.00c0s 30° =0 .
Fop=6928kN (C) =693kN (C)  Ans f
Joint D X Fie
SIE =0, Fp-6928=0 Fpe=693kN (C)  Ans
. Zpz o928 “(
T = -4 = = .
+TIE =0 E,-4=0 Fop =400kN (T)  Ans Be D
Joint B
/- LF.=0;  F gcos 30°-4.00c0s 30° = 0 j o
Fae =4.00kN (C) Ans

N\$IE =0, (4.00+4.00)sin 30°+8.00-F, =0
Fpy = 120kN (T) Ans

Note : The support reactions at supportA and E can be determined by
analyzing Joints A and £ respectively using the resuits obtained above
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6-10. Determine the fo
and state if the members
Set P, = 0,5 =10001Ib.

A,
A,
Joint A :
+
—XF, =0
+TZI'; =0;
Joint B :
Joint D :
+
—-IF, = 0;
+T21'; =0;
Joint E :
53E, =0
+TZI§ =0;
Joint C:
+TZI'; =0;

Reactions at A and D :

rce in each member of the truss
are in tension or compression.

33331
666.7 1b
Fip — F;c0845° = 0

3333 - F;sind5° = 0

F.c =471 1b (O Ans
Fz =3331b(T) Ans
Fgg =0 Ans
Fyc =3331b(T) Ans
—Fye + Fypcosds® = 0
666.7 — Fpesinds° = 0

Fop = 9429 = 943 1b (C)
Fye = 666.7 = 667 1b (T)

Fee — 942.95in45° = O
—Fc +9429c0845°= 0

FEC = 666.7
FEG = 666.7

i

667 Ib (T)
667 1b (C)

1t

Fegcos45° + 666.7 — 1000 = 0

F.. =4711b (T
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y Fag
se
Fae

3333

—_— X

FBC = 333“(T>

kge

66674

Ans

qi2.94b

Fec

Ans
' bbb TMb

Y
%"'yg“ bbb T4

—

X

1,000

Ans




6-11. Determine the force i
and state if the members are in te
Set P, = 500 1b, P, = 15001b.

Reactions at A and D ;

A

X

A,

Joint A :
—;ZI-; = 0

+TZI;; :();

Joint B :
—IF =

x

+TLIE =0,

Joint D :
—-)Z}’; = O;

+TZ[‘: =0

Joint £:

—IF =

x

+TZF; =0;

Joint C -

+TZF; =0;

n each member of the truss
nsion or compression.

83333 b

i

1166.67 1b

fi

Eg — Fscos45° = 0

833.33 - F,,sind45° =

ey

1178.51 = 1179 1b (C)

B

Lp

83333 = 833 Ib(T)

Fpe 833 =0

-500=0

o
a
]

8- Ib(T) Ans

w1l
Q
i

300 1b (T) Ans

—Fe + Fypcosd5® =

1166.67 - Fppsind5° =

]

Fpp = 1649.96

it

1650 1b (C)

Fye = 1166.67 = 1167 Ib (T)

Fog - 1649.96sin45° = ¢
= Fge + 1649.96c0s45° =
Fee = 1166.67 = 1167 1b (T

Fp = 1166.67

1167 1b (C)

Frcc0s45° + 1166.67 - 1500= 0

Feg =470.93 = 471 1b (T)
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*6-12, Determine the
and state if the mem
Set P, = 10 kN, P,

force ip each member of the truss
bers are in tensio
= 15kN.

N Of compression,

C

4m
A Jif
. Q) -1
le—2 m—-
(HEM, =0
f—»):li =0
+TZE =0,
Joint G :
—ZFE =0
Joint A :
>IF = 0
+TZE =0,
Joint B :
5SIE = 0
+TZE =0

Probs. 6-12/13

G.(4) —10(2) - 15(6) = O

G, = 27.5kN
A -2715=0

A, = 275kN

A, -10-15 =0
A, = 25kN

E;p =215 =0

Fy = 215 KN (T)

1
275 - Ky ~ —‘/-g(lfw) =0
2
25 - Fp(-=)=0
NG
Er = 150kN (O
Ej = 2795= 28.0kN (C)

1

NE

2
2795(-=) - Fp=0
5

7

27.95(—=) +Fye — 215 =

By = 2499 = 25.0 kN (T)

Fe =150 kN (T)

G' & B________ [
T

; / s A
s / e A

s P X
! ; ! e , .
i i : \
’ L&
B T ST Lk

Ax TL;M,L; L am _>L.2M—~

Aj P':|° F?'—"S‘
¢
S
Ans %_,’ Fﬁb —x
1? ¥ae
A
A Fae
Q?.ST®— X
Ans Y
Ans
0
Ans
Ans
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Joint F:
5EE = 0
+T}:I~; =0

1
15 + Fgp - T(ﬁrc) =0

2

1
25 - 10 = Fpe(—=) = 0
2

7

Fre = 21.21 = 21.2kN (Q)

Fg =0
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Set P, = 0, P, = 20 kN.

6-13. Determine the force in each member of the truss
and state if the members are in tension or compression.

D
)l —\e
4m 2m*-{:
Vp:
(+IM, = 0; Fip(4) =20(6) = 0
F;p = 30 kN (T) Ans
N
—-IE = 0; A, -30=0
A, = 30 kN
+TzE =0 A, -20 =0
A, =20 kN
Joint A :
+ 1
2ZIE = 0; 30 ~Fp — —=(Fp) = 0
ﬁ 4 Fae
2 Boﬂir,fél Far —
+TZE =o0; 20 - E,y(—=)= 0 A€
’ AB(\/S) @T»om
Fir = 20 kN (C) Ans

= 2236 = 22.4 kN (O) Ans

1

B
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b—\5 Con‘k\&e
Joint B :
53F, = 0
+TZF =0
Joint F:
+
—ZF, = 0;
+TZE =0
Joint E :
+
—IF, =0
+TZF, =0
Joint D :
+
—IF, =0

i
22.36(—;) +FK:-30=0

i

2
22.36(—;) - F=0

Fpr = 20kN (m) Ans
Fpc =20 kKN (T) Ans
1

20 + Fpp — —=(Fge) = 0

7z

1

20 - Fre(—=)= 0
N

Foe = 2828 = 283 kN (O)

FFE = 0

Fpp—0=0

Foce —20=0

Fp =0 Ans

Fe = 200kN (T) Ans
i

—(Fpe) ~0=0

N

276

30 \7’ Fae
ll FsF

22.36 kN

i,

PSS

TZO Fre

4

Feg—— =

Ans

Ans

Fee
or Fep— *
Llo RV

Foc ¥
N5
Z




6-14. Determine the force in each member of the truss
and state if the members are in tension or compression,
Set A, = 1001b, P, = 200 Ib, P; = 300 Ib.

(+1M, =0, 200(10) + 300(20) — R,cos30°(30) = 0 8 c
oo,
Ry = 307.9 b av/ ¢ £\’
_’T 104t | toft | 10?1/
+T2E =0 A, =100 ~ 200 ~ 300 + 307.9 c0s30° = 0 Ay 300k 3oob 30N Ry
A, =33341p
S3E = o A, - 307.9sin30° = 0
A, = 15401
Joint A :
1
+TZF =0; 3334 - 100 - —=F,, =0 10016
y ﬁ @l/ﬂ‘(ﬁf
b
o5 X
Fjs = 330 1b (C) Ans T frs
v ! 32341
SIE = o 1540 + E,, - 7_-(330) =0 3
2

Er = 17937 = 7194 1b (T) Ans
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G- d—conlS
Joint B :
+TZF; =0
53F =0
Joint F:
+T>:Fy =0
-:)Zli = 0
Joint E :
-1521i =0,
+TIF, = 0
‘Joint C:
L)ZF; =O;
+ T3 = 0

1
—(330) ~ Fpp = 0
2

<

Fr = 2333 =233 1b(T) Ans
Foc
1 V.
—(330) - K= 0 4
2( ) 5e o0k T8F
Fe = 2333 =2331b (O) Ans
1 -~
—T&C -200 + 2333=0
5
Fec = 47.14 = 47.1 1b (C) Ans 233.210 _
I 5.~ Tec
{ A ek
L— —-—é .
Frg — 1937 -7_—(47.14) =0 l® Fre
2
200U,
Fp = 1127 = 1131b (T) Ans
Fge = 30016 (D Ans Fe.
127 T
Fp = 1127 = 1131b(T) Ans l@_—> Fep
ool
1 1
—(47.14) + 2333 —~ —=Fp =0
ﬁ ‘/—2 23334 @

Fp = 377.1 = 377 1b(C) Ans

1
—}—(47.14) - 300+ —=(377.1) = O
2 2

7
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6-15. Determine the force in each member of the truss

and state if the members are in tension or compression.
Set P, = 4001b, P, = 4001b, P; = 0.

=0 —400(10) + R;c0s30°(30) = 0
L+ ZM yoolb
R, = 15396 b
AKT\OH 1of+ 1okt
Qo 1 R
+1IE =0 A, —400 — 400 + 153.96 cos30°= 0 A* Jooli oot °
y 3‘,6
A, =666.67 1b
H%F = 0 A, — 153.968in30° = 0
A, = 7698 1b
Joint A :
400 LE,=0
+TZE =0: 666.67 — N "
<o
E, = 377.12 = 377 1b (C) Ans %Q%Mi /&5
@] uot;xp\
+ 1 b N
SIF, = 0; 7698 + Fp — -ﬁ(377.12) =0
F,r = 189.68 = 190 1b (T) Ans
Joint B :
1
+TZF, =0 —((377.12) - By = 0 R
V2 ¥ Cov
X
Fyr = 266.67 = 267 1b (T) Ans A (8
1 &K

(377.12) - Fye= 0

7

B = 266.67 = 267 1b (C) Ans

Con’¢
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G- \% COA’(“l
abbbx,

Joint F : A A Fre
{ .
4 &
1 @ FFE
+TZF, =0 — Fpc — 400 + 266.67= 0
4o}
Frc = 188.56 = 189 1b (T) Ans
. 1
SIF, = 0; Frg — 190 +—=(188.56) = 0
/2
Fep = 56.68 = 56.7 1b (D) Ans
Joint E :
—EE =0 Fp = 56.7 Ib (T) Ans
+TZF, = 0; Fpe =0 Ans
Joint C:
+ 1 1 QLAL?K
—>IF, =0 ——(188.56) + 266.67 — —Fp = 0 G
2 V2 STon Fep
(88.5bib;
Ans

F.p = 188.57 = 189 1b(C)
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*6-16. Determine the force in each member of the truss.
State whether the members are in tension or
compression. Set P = 8 kN,

Method of Joims : In this case, the support reactions arc not required for

determining the member forces.
Joint D
+TLIF =q; Foesin 60°-8 =0
Foc =9238kN () =924 kN (T)  Ans
SIE =0, K, -9238c0s 60° =0
for =4.619kN (C) =4.62kN (C)  Ans
Joint C
+TEE =0, Eysin 60°~9.238sin 60°=0
Fee=9.238KN (C)=9.24 KN (C)  Ans
SIE =0 2(9238c0s 60°)-F.y =0
Fop =9.238kN () =9.24 kN (T)  Ans
Joint B
+TLE =g F3ps8in 60° ~ K, sin 60° =
Fe=Fy=F
S IE =0, 9.238- 2Fcos 60° = 0
F=9238 kN
Thus, he=924 N (0) K, =9.24xn (T Ans
Joint E
+TIE =0 g -2(9.238sin 60°) = 0 E, = 16.0kN
SIE =0, £, +9238 cos 60°~9.238 cos 60°+4.619 = ¢

Fe =4.62KN (C) Ans

Note : The support reactions A, and A, can be determined by analysing
Joint A using the results obtained above,
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60

oy

r0

Fpc=9238 kn

Fs=9 238K+

60

Eg 29238 kn

6o
X
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6-17. If the maximum force that any member can
support is 8 kN in tension and 6 kN in compression,
determine the maximum force P that can be supported

at joint D.
¥
Method of Joints : In this case, the support reactions are not required for 5(_
determining the member forces.
Joint D
éo‘i D
+TIE =0, FKsin60°-P=0 F=11547P (T) x
he

DIE =0,  Fpg-1.154TPcos60° =0  Fy, = 0.57735P (C)
Joint C VP

+TIF =0,  F.sin 60°~ 1.1547Psin 60° = 0 f

Fog = 1.1547P (C)
—=IF =0, 2(1.1547Pcos60°)~F3 =0 Fuy = 1.1547P (T) Fes c
- X

Joint B o0 60"

+TEE =0;  Fygsin 60°-F,sin 60° = 0 Ry=FK,=F

Foe =1 1547 p

= IF =0; 11547P-2Fcos60°=0 F=1.1547P
Thus, Fpe = 1.1547P (C)  F, = 1.1547P (T)
Joint E Es2/1547pP

—Xx

S IE =0;  Fy + 1.1547P cos 60° - 1.1547P cos 60°

+0.57735P=0
Fgy =0.57735P (C) 5
A
From the. above analysis, the maximum compression and tension in the truss f 211547 P ¥
member is 1. 1547P. For this case, compression contols which requires Feg 211547 p
e =
1.1547P=¢6
P=520kN Ans
£ —X
Ea £ Fesosmsp
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6-18. Determine the force in each member of the truss and
state if the members are in tension or compression. Hint:
The horizontal force component at A must be zero. Why?

600 Ib 800 b

Joint C:
SIF = 0 F.p — 800 cos60° = 0
J goou,
F.p; = 400 1b (C) Ans l
- © [ A b0
(B ——> X
+T2E = 0 F.p — 800 sin60° = 0 T
F.p = 6931b (C) Ans Fop
Joint B :
+ 3
—IF = 0; -E, -400 =0
: 3
|
E, = 666.7 = 667 1b(T) Ans oo L
4 l
= 5 — - . - 600 = O i X
+T2E = 0 Fpa = 5(666.7) . Woom
3
Fy, = 11331b = 1.13 kip (C) Ans Fep (8D

Member AB is a two - force member and excrts only a vertical force along AB at A.
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6-19. Determine the force in each member of the truss and
state if the members are in tension or compression. Hint:The
resultant force at the pin E acts along member ED. Why?

Joint C:
T -0 2
+ ZF; _Oy ——I'CD - 2= O
V13 )3
F.p = 3.606 = 3.61 kN (C) Ans i"“‘”
| =t
leBe
+ 3 - - X
oXE =0 ~Foy + 3.606(——) = 0 F, 5 ®
13 cp
Fop = 3kN (T) Ans
Joint B :
+
DL =0; B4 = 3kN (T) Ans 3kN
+T2F =0 Fyp = 3KN (O) A :
y BD s F“)A 3*”
-
Joint D : F
ap
+ 3 3 3
~LF =0 ——Fy ~ —=—(3.606) + ——F. =0
‘/'1—3 DE ‘/B ~/—B DA
2 2 2
+T2E =0 o _
Y (Fpg) — —=(fp,) — —=(3.606) — 3 = 0 Y
FVA
3606 kN
Fpp = 270 kN (T) Ans \“RJ/ 2
X

S
™

= 6.31 kN (C)

Ans Foe
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*6-20. Each member of the truss is uniform and has a mass
of 8 kg/m. Remove the external loads of 3kN and 2 kN and kN

the weight of the truss. State if the members are in tension
or compression. Solve the problem by assuming the weight
of each member can be represented as a vertical force, half
of which is applied at each end of the member.,

' Vi3

3
fpg
1
2 2
- (Fpp)

2
+T2F =0, —_ + —=(Fpa) - —=(467.3) — 3139 ~ 503.0 = ¢
’ /13 B T Uk
M
Fog = 1203 = 1.20 kN (C) Ans = \k
]J
Fpy = 736 N (D) Ans /f’(—,

Foe

285

determine the approximate force in each member due to - 3m i ——=3m-

N
503

FEHAUIBIN - 32(9.21)N 26 42(9.31)N

) 8 4 V.
e O 4209, 1
Joint C: 3.2N /
ﬁ/ SLAHIBHN
2
+TZF, =0 —m@o—zsg.zzo £
F., = 4673 = 467N (C) Ans o 273 AN
N 3 07? + @
=LK =0 —Fp +4673(—)= 0 3
13 Fen
F.p = 3888 = 389 N (T) Ans
Joint B :
3139w
53K =0 Fy, = 388.8 = 389 N (T) Ans
" - 385.9N
+ 128 =0, Fp = 3139 = 314 N (Q) Ans A
Fap
Joint D :
3 3
55F = o, ~=Fp ~ —=(4613) - —F,, = 0
Jy13 13

ON 45728

T




6-21. Determine the force in cach member of the truss
in terms of the external loading and state if the members
are in tension Or compression,

Joint B :
+TZF =0 F,,sin28 -~ P=0
Fy, = Pcsc28 (O) Ans
L3E = 0 P csc26(cos20) — Fye = 0
Fye = Pcot26(C) Ans
Joint C:
:)ZI'; = 0 Pcot28 + P + F,pcos28 - F,cos6 =0
+ TEI'; =0, Fopsin28 ~ F,sinf =0
P cot26 + 1
€A 7 cos® — sinBcot28
F., = (cotBcosf — sin@ + 2cos@)P (T
Fp = (cot28 + )P (C)
Joint D :
L3F = 0 E,, — (cot26 + 1)(cos26)P = 0
Fpu = (cot28 + 1)(cos28)(P) (©)
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6-22. The maximum allowable tensile force in the
members of the truss is (F,)max = 2 kN, and the maximum

B = 732N

Ans

287

P
allowable compressive force s (F)max = 1.2kN.
Determine the maximum magnitude P of the two loads that B L C
can be applied to the truss. Take L = 2 m and 0 = 30°. = >
6%
(1:),,.,“ = 2 kN L L
F)mue = 12 KN
A D
Joint B : e L
*TIE =0, F, cos30° - P =0
P
F P 1.1547 P (C) l
BA = = .
0s30° Faa é\ Fac
D IE =00 Fysin30° - K = 0
Fae = Pran30° = 057735 P(C)
Joint C:
+T3E = o —Fey €0s30° + E.,sin60° = @
Phoazo® p
sin60°
F = - 1‘ - aq
CA cD sin30°) 132 Fp 353 ©
Fa
DIE =00 Pun30® + P+ F.cos60° — Fey cos30° = 0 Fep
tan30° + 1
Fep = ( P = 1.577P(C)
ﬁcos30° — €0s60°
Fep = 2732P(T)
Joint D ;
*
2IE =0, F, - 1.577Psin30° = 0 ,
300 [.533p
Ry = 0.7887 P (C) Fop
—y @
1) Assume fea = 2kN = 2732p T
Py
P=173206N
Fep = 1.577(732.06) = 11545 N < (F)mae =1200N  (0.K!)
Thus,




6-23. Determine the force in each member of the truss
and state if the members are in tension or compression.

Support Reactions :
(=0 4@+5@-E®=0 E=10N

+TZI-;=O; 23.0-4-5-D =0 D, =140kN

:)ZI';=0 l)‘=0

Method of Joints :

Joint D

5
+TZIE =0 "bt[\/_—;)- 140=0

Fg=1633kN (C) = 16.3kN (C)  Anms
. 3
= IF, =0; 16.33(—}-FDC=0
Fyc =840KN (T) Ans
Joint E E}
+ 3 3 Yy
SIF =0, Fyl-—==|-1633— |=0 t
= [JTOJ (ﬁ)
Fey =B.854kN (C) =8.85kN (C)  Ans
B o Ao
- >
5 1
+TEZE =0, 230- 16.33[—]-8.354[—J- Fe=0
’ ) T 5/
Fec = 620N (C) Ans 3
Joint C 55 J Dy =/4.0 kKN
+TIE =0, 620-F,sinas°=0 T
for =B768KN (T)=877KN (T)  Anms Fee
. foe <1633 KN
—LF =0; 8.40-8.768cos 45°~Fy =0 Fea 5
Fep =220kN (T) Ans / i 3
== X
E
L
Joint B
4 b
N Ey=23.0kn
=L =0, 220-K,cos45°=0 H
Ba=3HIKN (D =311kN(T) Ans g —
&
+TZE=0;  Fr-a-31lsinaso=0 4s ""‘omy
Fr=6.20kN (C) Ans FBA FBF
Joint F Fs ¢ fxr840kn
“« >— X
+TEE =0 87685in45°~6.20 =0 (Check ) <57
DI =0, 8.768cos 45° -, =0 B
Fy =620 kN (T) Ans Zﬁ fee fee*6-20 ki
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*6-24. Determine the force in each member of the

double scissors truss in terms of the load P and state if
the members are in tension or compression.

Prob. 6-24

-0 L 2L
(+2MA =0 P(S) + P(—3-) ~(ONL) =0
Dy = P
Joint F:
1
+TIE =00 Ey(—)-P=0
2
Fy = Y2P = 1.41P(T) Frg
* 1 r;T FFD
B R O I ‘__J:—*
? 1
[';"D - F;’E =P

(1)

289




G- 24 contd

Joint E :

+TZF

i
&

l +
™M
wT1
1l
<

Joint B :

1
154

+T2}§,

l +
™
w3l
1
[=

Joint C:

+TZE =0

1
FEC(-,/_E) -P=290

Fe = y2P = 1.41P(T)

1

Fp - Fo + 141P(—=) = 0
EF EA ﬁ

Fp —Fp =P (2)

1 1
Fm—lfz) + E”’('f? -(ﬁm(—‘/—i) =0
1 P 1
Lhor=

N

2

1 1 2
Foal ) + ﬁP(—f—:, - F,,D(—ﬁ) =0

7

Fp =P

25
Fp = —‘3/-—10 = 1.4907P = 1.49P(C)

2
B :{)._—P = 0.4714P = 0471P(C)

| 1 1
—) + Er(—=) = (J2P)(—=) = 0
feal ) CD(./E) J2

%

1
l —=Fp =7

et

290

?%ﬁsb

Iy

\;e,b
z'\\\[ Fov

R

Con’d




G- 24 Com ‘{“‘A

1
.
55E =07 Bl T) ﬁP(\[ Fc,)(T) =0
x 2
2 1
—Fy - F=Fp =P
RN
245
ﬁ 4714P = 0471P (C)
FCD = —5—1) = 0 = . (
Joint A :

32 35 g? 25 o

I“ 3

Fp = §P_167Pm @’K Fae
P

From Egs. (1) and (2) :

Er = 0.667 P(T) Ans
Fop = 1.67P(T) Ans
E g = 0471 P(C) Ans
Fg = 167TP(T) Ans
F. = 1.49P(C) Ans
Fr = 141 P(T) Ans
Fp = 149P(0) Ans
Fe = 141P(T) Ans
Fop = 0471 P (C) Ans
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6-25. Determine the force in each member of the truss and
state if the members are in tension or compression. Hint:
The vertical component of force at C must equal zero. Why?

Joint A :
+TZ]‘; =0
L¥F = 0;

Joint E:

55, =0;
+TLZF, = 0;
Joint B :
+T2Fy = 0
L3F = O;

~fas -6=0

F,, = 15N (D

3
“Fp + 15(3)=0

Fyp = 4.5 KN (C)

Fyp = 8 KN (T)

1 4 _
_-2(FBD) -8-319 =0

Fyp = 19.8 kKN (O)

3 1 _
Fac = 5(75) - -ﬁ(19.8) =

Fye = 185 KN ()

Cy is zero because BC is atwo - force member.

Ans

Ans

Ans

Ans

Ans

0

Ans

A
&N

T5kN 8

<> Fec
[
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6-26. Each member of the truss is uniform and has a mass

of 8 kg/m. Remove the external loads of 6 kN and 8 kN B c
and determine the approximate force in each member due N & -+
to the weight of the truss. State if the members are in
tension or compression. Solve the problem by assuming
the weight of each member can be represented as a vertical :
force, half of which is applied at each end of the member. 2m
D
A 1. @ -t
i [.Sm — 2m — — -
6 kN
8 kN
ot
Joint A :
1570N 195N
4 3
+TZE =0; shs - 157.0= 0 A
215.3N »
Fy =1962 = 196 N (T) Ans
+ 3
—IE =0; —Fpp +196.2(2)=0 1570N
S l s 7 Fw
Ep = 1177 = 118 N (O) Ans ® Fae
Joint E:
Fep
—IF, = Fyp = 1177 = 118 N (C) Ans T®
Wi —> — F
+T2E, = 0; Fp = 2158 = 216 N (D) Ans l
215.8N
Joint B :
T3F, = 0; L 4
+ =05 —(Fp) — 366.0 — 2158 — 3(196.2) =0
\[2 3b6.0N
i
Fgp = 1045 = 1.04 kN (C x>
BD (®) Ans s lﬁf\ 12
+ 3 1 19b.2y AIN Fep
—IF = 0; Fe — =(196.2) = —(1045) = 0
3 V2
Fge = 85T N(T) Ans
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6-27. Determine the force in each member of the truss

in terms of the load P, and indicate whether the members
are in tension or compression.

Support Reactions ;

. 3 4
(+2M5=0'. P(?d)—A’(id)=o A,=§P

4 4
+T2IF =0 SP—Q‘:O E',=§P

JEF =0 E-P=0 E=P

Method of Joints : By inspection of joint C, members CBand CD are
zero force member. Hence

Joint A

1) 4
T =0; —_— {-=P=0
=0 F"(,/s.zs) 3

F,3 =2.404P (C) =240P (C)  Ans

15
SIE =0; Fp-2404P| —=— |=0
Y325

Er=2.00P (T) Ans

Joint B

1.00P-0.4472F, , ~0.4472F,, = 0

e sl fnl ool

1.333P+0.8944F,, - 0.8944F, . = 0

m

(2]
Solving Egs.[1] and {2] yield,

Fyp=1.863P(T) = 1.86P(T) Ans

Bp =0.3727P(C) = 0.373P(C) Ans

Joint F
1 1
+TIFE =0,  1.863P| —— |- Fop| —= |=0
’ (,/1.25] "(,/x.zs}
Frg = 1.863P(T) = 1.86P(T) Ans

L3F =0, Fy +2[1.863P(—;;)]- 2.00P=0
1.25

Frp = 0.3333P(T) =0.333P () Ans
Joint D

1 1
+TzE =0, F -03727P| — |=0
’ "‘{\/1‘25] [Jl.zs]

Fg=03727P (C)=0.373P (C)  Ans

. 0.5
—1F =0; 2[0.3727P[ﬁ]]- 0.3333P = 0 (Check!)
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Fec=1863p
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F Fep
NS
05
Fee
ho=03727p
N
Fro=0-3333p\ | , Fep=0
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A
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*6-28. If the maximum force that any member can
support is 4 kN in tension and 3 kN in compression,
determine the maximum force P that can be supported
at point B. Take d = 1m.

Support Reactions :
3 AP
(+ e =0 P(Zd)—A,(id)=0 =3
4 24
+TEF=0; ;P-E=0 E=3

L%F =0 E-P=0 E=P

Method of Joints : By inspection of joint C, members CBand CD are
zero force member. Hence

1.00P - 0.4472F,  —0.4472F;5 = 0 )]
T 2.404P| ! F ! F, ! ]—o
F =0; . —_— | ——= 1= Fyp =
v Y325 Pl Jizs V125
1.333P+0.8944F,, - 0.8944F; = 0 12)

Solving Egs.[1) and [2] yield,

Fp=1863P(T)  Fpp=03721P(C)

Joint F

o 1 1
12620, 1863P| —— |- Frg| — |= 0
M [,/1.25] 'E(,/x.zs]

Fey = 1.863P(T)

. 05
L1 =0, Fp+ 2[ 1.863P(ﬁ]] ~2.00P=0
1.

Fp = 03333P(T)

Joint D

1 1
+TZFE =0, KR -03727P} —{=0
Y ns[ ,—1.25] [ 1.25]

Fye =0.3727P (C)

LIE =0 2[0.3727;{%)]-03333? =0 (Check?)

Y
ks
oAl
TEJ > X
AT B

From the above analysis, the imum compression and in the truss
members are 2.404P and 2.00P, respectively. For this case, compression
controls which requires

2.404P =3
P=125kN




#6-29. The two-member truss is subjected to the force
of 300 Ib. Determine the range of 6 for application of the

load so that the force in either member does not exceed
400 Ib (T) or 200 Ib (C).

Joint A :

SIF =0 3(!)00:94!"“4»1’"(;)-0

+TIF, = 0; -300:in0¢l"“(§)-0

Thus,
Fip = 500 sin 8

Fic = - 300003 6 — 400 3in 6

For AB require :
- 200 < 500sin § S 400

-2<5sin8<4 (¢))

For AC require :

=200 S - 300cos & ~ 400 3in & < 400

-4<S3cos0+43infs2 )

Solving Eqs. (1) and (2) simultaneously,
127° £ 6 < 196° Anms

336°< 0 S 347T°  Ams

A possible hand sotution :
mm”“"“'ﬂf°f5ql-(1)lﬂd(2)mshowhhﬁ|wu:
4in B,
6 = 6, +tan™ G) = 6, + 36870 s '
0. -y el
“22e0 l\ 203.4° ‘311'[] 43.1°
Thea -/ s2.4¢ 1249° \] 1/
Fip = 500 sin 6, Tot ~—
Fic = - 300cos (8, - 36.870°) ~ 400 sin (6; — 36.870°) Shd o
X
= = 300 [cos 8 cos 36.870° + sin 6, sin 36.870°] e /\I\ — /,/-
® 206"
230 iSee 0
~ 400 [sin 8, cos 36.870° ~ cos 8, sin 36.570°) 9o Fia
-a'a
= - 240c0s & - 1803in 8; - 320 sin B + 240 cos &
= - 500 sin 6,
SmeeO, = ‘Z

~ 36.870°, the range of accepuable values for § = 8 is
Thus, we require 127° < 6 S 196° Ans

~255sin6; £4 or -04<sin@ S 08 (1 336°< 0 < 347°  Anms

~4<5s5in8 s2  or ~08<siné S04 @)
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6-30. Determine the force in members BC, HC, and
/G of the bridge truss, and indicate whether the
members are in tension or compression.

Support Reactions :

((2ve=00 1841406+ 12(9)-4,(12)=0 A =20.5kN
Method of Sections :
(+2m. =0 Fic(3)+12(3)~20.5(6) =0
Fac = 29.0kN (Q) Ans
{+v, =0 FRc(3)-205(3) =0
Fae =20.5kN (T) Ans
+TIF=0; 205-12-Fesinaso=0
Fuc = 120N (T) Ans

IR kN

Ay

am + Em

12 Ka

hd
{4 kN

3m Y 3m

18 kKN

m

¢

6-31. Determine the force in members GF. CF, and
CD of the bridge truss. and indicate whether the
members are in tension or compression.

Support Reactions :

Fep =23.5kN (T)

23.5- 18~ Fpsin 45° = 0

+TZF, =0;
Fop=778 kN (T

(+IM, =0  E(12)-18(9)-14(6)~12(3)=0 E =23.5kN
LEE =0 E =0
Method of Sections :
(+TMc=0;  235(6)-18(3) - Fpe(3) =0
Fop =290 kN (C) Ans
(FIMe=0; 235(3)-Fp(3)=0
Ans

Fer s
3m e
EF47
c l“F@
Fam J 3m
18 kN
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*6-32. Determine the force in members DE, DF, and
GF of the cantilevered truss and state if the members are
in tension or compression.

STIF, w0 %rp.-gusoo)-o

Fpr = 20001b=2.0kip (C) Ans

4
(+2M,, =0 ;1500 (12) + g(lsoo) M ~Fr3)=0
For = S7001b=570kip(C) Ans

4
(4»!'-"; =0 CUS00)(16) - Fog () = 0

FDE=64001b=6.40h'p(T) Ans

=

St For
=

2 i /=
4\BS\ 2H fak !

3 ISoolb . .

6-33. The roof truss supports the vertical loading
shown. Determine the force in members BC, CK, and
KJ and state if these members are in tension or
compression.

v
L+ IM; =0; ~A4,(12) + 4(8) + 8(6) = 0 m 3m
[P

A, = 6.667 kN AT TC‘

y Ay &
ke 6@2m = 12m ————

(+ M. =0; ~-6.667(4) + F,(2) =0
Fe, = 133 kN (D) Ans
2
L+ IM, =0; 6.667(4) - —Fc(2) = 0 <
Vs e, T
23 2
Fpc = 14907 = M9KN(C)  Ans AT -
\ -
§.66F RN
= () = Ans
(+IM, =0; Fop =0 e 303m = brm ——
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6-34. Determine the force in members CD, CJ, KJ, and
DJ of the truss which serves to support the deck of a
bridge. State if these members are in tension or
compression.

L+ M =0; -9500(18) + 4000(9) + F,(12) = 0
F; = 112501b = 11.2 kip (T) Ans
(+ M, =0; —9500(27) + 4000(18) + 8000(9) + F.,(12) =0
F.p, = 9375 1b = 9.38 kip (C) Ans
+ 3
—IF, =0; -9375 + 11250—§FC,=0
F.; = 31251b = 3.12 kip (C) Ans
4000W  £,0006b ¢,
Joint D, Fy =0 Ans A it el e fo_o -
® | ST
- - N
F Toe 45001, _vg _l_
> - L % \Fxg
!
8000 Ib
6-35. Determine the force in members EI and JI of the 4000 Ib 5000 1b
truss which serves to support the deck of a bridge. State B c
. . . . D E F
if these members are in tension or compression. Agﬂ

3 o
J ]
F79ft Lth—-LQﬂ——L—%)ﬂ—-L 9fi- rnfoﬂ -

L+ IMp=0; ~5000(9) +7500(18) — F;(12) =0
= 7500 Ib = 7.50 kip (T) Ans

+13E =0 7500 — 5000 — Fgy = O
Fy = 25001b = 2.50 kip () Ans
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*6-36. Determine the force in members BC, CG, and
GF of the Warren truss. Indicate if the members are in
tension or compression.

Support Reactions ;

("‘Ws =0 6(6)+8(3)-4,(9)=0 A, =6667KkN

S1E =0, A =0

Method of Sections :

(+2m.=0; £, (3sin 60°) +6(1.5) - 6.667(4.5) =0

Fzr = B.OBKN (T) Ans ; foe ¢
A
(+xm; =0 Fac(3sin 60°) - 6.667(3) = 0 fea 2singo’m
Fc=1770kN (C) Ans 7 Fr _L
+TEE =0, 6.667-6-Fgsin60°=0 1 g ]
Fec =0.T70 kN (C) Ans 3m | 15m |

6-37. Determine the force in members CD, CF, and FG
of the Warren truss. Indicate if the members are in tension
or compression.

Support Reactions :

(+Dm =0 E(9)-8(6)-6(3)=0 E =7333kN

Method of Sections :

(+2MC =0, 7.333(4.5) =8(1.5) ~ Frg (3sin 60°) = o

Frg = BOBKN (T) Ans
(+%= 0: 7.333(3)~ £, (3sin 60°) =0
Fep =847kN (C) Ans
+TIE =0,  Fgin 60°+7.333-8 =0
For =0.770kN (T) Ans B

E,=7~355m
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2;13(18.GFDOeftSi'mti’n§d the force developed in members GB
: ¢ bridge truss and state i
in tension or compression. e fthese members are

10 ft 4 ft ~l=-4 fi
—GT p t;j——mft

10 ft

(+zM, =0;  —600(10) — 800(18) + D,(28) = 0 i
/ I
D, = 728.571 1b ;10“
Ax — o, L : -
* 0 1of4
5%F, =0; A, =0
¥ § Ay bOOLL 900U by
+TZE =0 A, - 600 — 800 + 728.571 = O
Ay = 671.429 1b
( +IMp = 0, —671.429(10) + Fop(10) = 0
For = 671.429 1b = 671 1b (C) Ans 1054
+TIF =0; 671429 — Fzg = O A
B2 [ 10
Fpp = 67116 (T Ans
! H G ) E
#6-39. The truss supports the vertical load of 600 N. 2 > S
Determine the force in members BC, BG, and HG as the
dimension L varies. Plot the results of F (ordinate with
tension as positive) versus L (abscissa) for 0=L=3m. 3m
S ST g & 3
A 18 C D
- L L } [ ——]
+TLF =0 - 600~ Fygsinf = 0 Fag & F ‘
“5 \
oo =22 & 1200 600 N
sin@ z; 3 FH&
in6 3 34/_ . - Sov
smé =
YL +9 FN. ¢ v 400
boon
Fag =~200/% +9 . 1 z 3
-200
GIMo =0 - Fac(3)-600(L) =0 o I
Fyc = =200L -4°°:
(M =0 Fuo(3)-600(2) =0 ‘_‘ﬁ;‘,ﬁ_a
-n'- \ \ FB
Fuc = 400L _14,: (3
Fs
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*6-40. Determine the force in members IC and CG of
the truss and state if these members are in tension or
compression. Also, indicate all zero-force members.

By inspection of joints B, D, H ard [,

AB, BC, CD, DE, HI, and GI are all zero-force members.

Ans
3 (0
CEIM, = 0 —4.5(3) + F,C(g)(4) =0
Fre
Fe = 562 kKN (O) Ans
Iy
~
Joint C: r | F%l SmQ
. Ay 45 kN
—IF, =0 F.;, = 5.625 kN
4 4 - <)
+TZF =0 5(5.625) + <(5.625) = Feg = 0 0 o
> A A
_ 3 3 ¥
Feg = 9.00 kN (T) Ans RGP
6-41. Determine the force in members J
truss and

E and GFof the
1S are in tension or
o-force members,

State if these membe
compression. Also, indicate all zer

By inspection of joints B, D, H and I,

AB, BC, CD, DE, HI, and GI are zero-force members.

Ans
Joint E:
4
+T3F =0 7'5—31'75 =0
Fr = 9375 = 938 kN (C) Ans
+ 3
Fop = 5.625 kKN (T) Ans
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6-42. Determine the force in members BC, HC,and HG.
After the truss is sectioned use a single equation of
equilibrium for the calculation of each force. State if these
members are in tension or compression.

4kN 4kN l 34N
D

Probs. 6-42/43

34

Fye = 224 kN (T) Ans

303

(+IM, =0; =4, (20) + 2(20) + 4(15) + 4(10) + 5(5) = 0
FT VIR T
A, = 825N S N
SN 1 s
(+EM, =0; —8.25(5) + 2(5) + Fye(3) = 0 Ay £y n
fe—— HO5m = 20m ———
Fye = 104 kN (C) Ans s5m sm S
D>
s 2¥N HEN / .
(+IM. =0; —8.25(10) + 2(10) + 45) + —=F;x(5) = 0 x Okﬁ o2 "&:ﬂ‘
J?__g Am | ?"‘ Sm
§25kN ¢ \.: .
Fyo = 9.155 = 9.16 kN (T) Ans ne
3
(+IM, =0, —2(2.5) + 8.25(2.5) - 47.5) + ——=F,-(12.5) = 0




6-43. Determine t1e force in members CD, CF, and CG
and state if these members are in tension or compression.

| !
kS me—ke S

AR kN e Skd 3k
V_Fab Sl Smd Sm |

53E =0 E =0 3 + 5 Tam
Aj E {-Qm
J j_
([ +IM, =0; —4(5) — 4(10) - 5(15) - 3(20) + E,(20) = 0
E, = 975 kN
5 S Sn 2.5m
(+IM. =0; =5(5) - 3(10) + 9.75(10) - —F5(5) = 0 ~
V29 N
Frg = 9155 kKN (T) ¢ BEQ) b
et
(+IMp = =3(5) + 9.75(5) - F-p(3) =0 ‘ w%;% Foogmen 4 am
Fop = 1125 = 11.2 kN (O) Ans
IM, =0 9.75(2.5) + 5(7.5) + 3(2.5) 3 F.r(12.5)= 0
LHIM, =0 -9.75(2.5) + 5(7.5) + 3(2.5) - — 5) =
[4] ( ) ﬁz CF
Fop = 321 kN (D) Ans
Join+tG: -
-LF =0; Fsy = 9.155 kN
GH (D Fon §3\l/5‘{ 9.155 kn
2 ©
+TEF, =0; —=(9.155)(2) - B¢ = 0

75

Fre = 6.80 KN (O) Ans
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*6-44. Determine the force in members GF, FB,and BC
of the Fink truss and state if the members are in tension
or compression.

B C . s
o 10 ft - 10 fr =

L—'“"' 10 ft——

Support Reactions : Due o symmetry, D, = A T
* "

+T):I'; =0; 24, -800-600-800=0 A, =11001b

.
—ZIF =0; A =0

Method of Sections :

(‘+ IMp =0;  Fypsin 30°(10) +800( 10~ 10cos® 30°) — 1100(10) = 0
F5¢=18001b (C) = 1.80 kip (C) Ans

(2, =00 Bpsin 60°(10) - 800( 10cos® 30°) =0

Frg =692.821b (T) =693 Ib (T) Ans

Q}:M, =0;  Fyc(15wn 30°) +800( 15 - 10c0s* 30°) ~ 1100(15) =0
Foc =1212431b (T) = 1.21 kip (T) Ans

=

I
/0 ft I 54t i
A3=//ao b

6-45. Determine the force in member GJ of the truss
and state if this member is in tension or compression.

1000 Ib

(+ZMc =0 ~1000(10) + 1500(20) — F5;c0s30°(20 tan30°) = 0

N
N

F5 = 2.00 kip © Ans
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6-46. Determine the force in member GC of the truss 1000 1b
and state if this member is in tension or compression,

1000 b

Using the results of Prob. 6 - 48 - 1000 Ib

Joint G : i .
i Bi) ‘ ” 10 fi ‘
e 1O e 10 - "
. =0; Fue = 2000 Ib SR U
o " 1000 tb
+ T)_jp; =0 - 1000 + 2(2000co0s60°) — Fe =0

F;c =1.00 kip (T) Ans

6-47. Determine the force in
of the roof truss and
tension or compression,

members GF, CF,and CD 1.5kN
indicate if the members are in

(4-3{‘ =0, %(4)—2(0,8)—1.5(2.50):0

E = 13375kN
Method of Sections :
(+mc=o; 1.3375(2) - F.p (1.5) =0
Fr= L18 KN (T) Ans
3
C+m,=; 1.3375(1)-40(3)(1)=0
Fep =223 kN (Q) Ans
LS E 3N
=0; —=|(h=0 £,.=0 A
Crase wfifoo s, ” SN
¥
| % — IF <l 3375
I m bom
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*6-48. Determine the force in members BG, HG, qnd
BC of the truss and state if the members are in tension
Or compression.

C

¥ 4 kN
7kN

———— 12m. 4@ 3m \R,‘,‘_¥‘.§

6 KN

(«f-ZWE:OI 6(9)*'7(6)-#4(3)—,4,(12):0

A, =9.00 kN
L1F =0, A,=0
Method of Sections :
(+=M;=0. B4 +6(3)-9(6) =0
Fae = 8.00 XN (T) Ans
1
(+zw,=o; Fagi —= [(6)~9(3) =0
Js
Fyg =10.1 kN (C) Ans
LS
(+IMO=O: Fe (6)+9(3)~6(6) =0
3.25

Fo=1.80 N (T) Ans
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are in tension or compression.
€ pinned.

Assume that a]] joints ar

308



6-50. The skewed truss carries the load shown.
Determine the force in members AB, BF, and EF and
state if these members are in tension or compression.
Assume that all joints are pinned.

\+ZM, =0; ~PQd) + Pd) + Fy(d) = 0 ' /Ci\ PP
Fp =P (T Ans ! , \

L+3M, =0, ~P(d) + Fop(d) = 0
Fr = P(Q)
+ 1 .
I =0 P-Be(5) =0 R
2 i

fr = 1L41P (O Ans
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*6-51. Determine the force in members CD and CM of
the Baltimore bridge truss and state if the members are
in tension or compression. Also, indicate all zero-force
members.

Support Reactions :

(=0 212 +58)+3(6)+2(4) ~A,(16) =0
A, =5.625kN

5IE =0 A =0

Method of Joints : By inspection, members BN, NC, DO, OC,HJ
LE and JG are zero force member. Ans

Method of Sections :

G2 =00 Ey@)-s56254) =0
Fep =5.625kN (T) Ans

¢GM =0 Ry (@-214=0
Fepy =2.00kN (T) Ans

*6-52.  Determine the force in members EF, EP,and LK
~fthe Baltimore bridge truss and state if the members are
in tension or compression. Also, indicate all zero-force
members,

Support Reactions :

(+2M =0;  1,(16)-2(12)=3(10) - 5(8) -~ 2(4) = 0
I, =6375kN

Method of Joints : By inspection, members BN, NC, DO, OC,HJ
LE and JG are 210 force member. Ans

Method of Sections :

C+IMe =0 3(2)+6.3754) -Fp(d) =0
Fer = 7.875kN (T) Ans

(+zM, =0, 6.375(8)=2(4)-3(2) - F, (4) =0
Fiy = 9.25kN (C) Ans

+TZI'; =20;  6.375-3-2-Fs5in45° = 0
Fq,ll.%kN(T) Ans

>

lémg8@o2m_




6-53. Determine the force in members KJ, NJ, ND, and
CD of the K truss. Indicate if the members are in tension
or compression. Hint: Use sections aa and bb.

Support Reactions :

(+zMc=0: 1200100+ 1.50(80) 1.80(60) -4, (120) = 0
A, =290 kip

33 =0 A, =0

Method of Sections : From section g~

. 4, Fysand Fpy can be obtained
directly by summing moment about points

Cand X respectively,
C+Wc=0; !-',,(30);#—1.20(20)—2.90(40) =0

Fr; = 3.067 kip (C) = 3.07 kip (C) Ans
(+ZM,=0; "?:9(30)*'1'20(20)‘2-90(40) =0

Fep =3.067 kip (T) = 3.07 kip(T) Ans

From sec b -, summing forces along x and Y axes yields

S 4 4
SIF =0; ﬁ,,(;)-&,(;)+3.067—3.067=0

fup =Ky,

n

+TzIFE =0; - - 3 3
5 2.90-~1.20 150~ £, 3)—1','”(5)=0

Fup+Ey, =03333

Solving Egs. 1] and [2] yicids

fao =0.167kip (D £, = 0.167kip () Ans

1200 Ib l

15001b 100 1 _L | |
20 n«L 20 fieke=20 fi--20 fise- 20 fi b 20 fi~

T

|2oftaostf2ose]  eofe ]
A}lw"‘f( 8o kip
/~5abl’p

2o |
Arl-% o 120Kp  [-50 kip
Fiy3.067 K7
by
3oft
Fap
—
fep 23067 kip

R 5
Ay=290kp I20KIp 150 KiP




— -

6-34. Determine the foree
K rruss, Indicate if the
compression,

in members Jland DE of the
members are i tension or

' 1200 b
Suppore Reacsiony - ‘

Co- M=o G, (120) ~.L30¢60) - 1.50(40) - L.20020) = ¢
G, =150 kip

Method of Sections -

(+ou, =g, 1-80¢40) - £, (30, =0

=213 5p (0 Ans

(‘.; ARy 1.60(40)-5,5(30) =0

1300 ib

e =113 6p () Ans

1800 1b
20 ft—— 20 1 =20 ft-ea 2 ft

6-33.  Determine the force in each member of the three-

member space truss that supports the loading of 1000 Ib

and state if the members are in tension Or compression.

el
loni D : 1o ik
1 S 10
Fo = F, ——i+—'+—-k)
@ ( 157750
T
2 5 10 ap
Fep = £, {—;‘-ﬁ +“k)
L T m T e 11358
;:n F¢)
510
Fap = F, —i+ = ’—k)
a0 "’(15 TR
P = -1000%
( 2 ) (0) Solving,
IF, = 0 Fpl-=2 -——] . —_ =
it 5)" ( r3ss) "3
Fw:
_ sy 5 ) (5)
= 0 _— T — -1 =0
Y=o F‘”(u]" C"(‘u.sss bt Fip =
10 10 Fep =
Lf = 0 F, (— F (*) (—)-moo:o
! Ty Rl Sy e

312

300 b ()

450 1b (C)

568 b (C)




